A total of 120 mycoplasma strains were recovered from 97 of 265 diseased seals investigated during the seal epidemic in the North Sea and in the Baltic Sea in 1988. Mycoplasmas were isolated from the respiratory tracts (including lungs), hearts, brains, and eyes of the seals. Thirty strains were filter cloned and investigated for their morphological, biochemical, and serological characteristics compared with the characteristics of previously described species. The results of an indirect immunofluorescence test, a growth inhibition test, and an immunobinding assay showed that these strains belong to two new species, for which the names MycopZasrna phocarhinis and Mycoplasrna phocacerebrde are proposed. M. phocarhinis (17 strains) did not ferment glucose or hydrolyze arginine but did reduce tetrazolium chloride and potassium tellurite and produced films and spots. M. phocacerebrale (13 strains) metabolized arginine but not glucose and produced phosphatase but did not reduce tetrazolium chloride and potassium tellurite. Both species lysed sheep erythrocytes but did not absorb sheep or guinea pig erythrocytes. The type strain of M. phocarhinis is strain 852 (= ATCC 49639), and the type strain of M. phocacerebrate is strain 1049 (= ATCC 49640).
In 1988 mass mortality spread among the harbor seals (Phoca vitulina L.) of the Baltic Sea and the North Sea.
More than 18,000 seals died because of an acute disease characterized by pneumonia, skin lesions, diarrhoea, polyarthritis, nervous signs, and abortions in pregnant females (9, 10, 12, 16, 17, (19) (20) (21) . In addition to several viruses (9, 10, (19) (20) (21) , mycoplasmas were isolated from a large number of the diseased seals (12) . Altogether 122 mycoplasma strains were recovered from 265 diseased seals investigated.
In this paper we report the isolation details of these strains, describe our taxonomic examination of 30 selected strains compared with previously described species of Mollicutes, and discuss our findings in relation to the requirements for description of new species.
MATERIALS AND METHODS

Seals.
Investigations for mycoplasmas were performed on 265 seals found moribund or dead along the coasts of Schleswig-Holstein and Lower Saxony (10, 12, 19) . Organ materials from seals found dead were taken by M. Stede (Staatliches Veterinaruntersuchungsamt, Cuxhaven, Federal Republic of Germany). Samples from living animals were obtained from the Institute for Pathology, Tierarztliche Hochschule, Hannover, Federal Republic of Germany, where moribund seals were sacrificed for histological investigations, or from the seal orphanage at Norddeich, Federal Republic of Germany, where diseased seals were kept for treatment. Swabs were taken from noses, eyes, and throats of living animals. Samples of tracheae, lungs, hearts, livers, brains, kidneys, and spleens were obtained from dead or sacrificed animals.
Cultivation of mycoplasmas. Homogenized organ materials and swabs were suspended in 2 ml of modified Friis medium (13) . Portions (0.2 ml) of these suspensions were transferred to 2-ml portions of modified Friis medium, modified Hayflick medium and modified SP4 medium (13) . After incubation at 37°C in an atmosphere containing 5% COz for 7 days, * Corresponding author.
subcultures from all broth cultures were made on the corresponding solid media. The plates were incubated in the same way as broth cultures and checked for growth daily by using a stereomicroscope (Leitz).
Morphological studies. The colonies of the mycoplasmas were examined with a stereomicroscope (Leitz). The cellular morphology of the organisms was assessed by dark-field microscopy, light microscopy after Gram staining and Giemsa staining, and transmission electron microscopy of sectioned organisms. Ultrathin sections of organisms were prepared as described previously (11) .
Filtration studies. The numbers of viable cells per milliliter in young (24-to 48-h) unfiltered broth cultures and in filtrates of these cultures after passsage through membrane filters (pore size, 220 or 450 nm; Millipore Corp.) were determined by using the method of Albers and Fletcher (1) .
Reversion experiments. Mycoplasmas were subcultured five consecutive times by using liquid or solid growth medium devoid of penicillin or any other antimicrobial agent. Agar plates and fluid cultures of all passages were examined for alterations in the morphology of colonies and cells, respectively.
Sterol requirement. Inhibition of growth was tested by the standard method (6), using paper disks previously wetted with 5 , 10, or 20% sodium polyanetholsulfonate (Liquoid; Roche Diagnostics) and with 1.5% digitonin (Serva). The sterol requirement was determined by using a broth culture technique described previously (11) .
Biochemical tests. The tests for breakdown of glucose, arginine, and urea, reduction of 2,3,5-triphenyltetrazolium chloride and potassium tellurite (aerobically and anaerobically), liquefaction of coagulated serum, phosphatase activity, and film and spot production were performed as described by Aluotto et al. (2) .
Hemolysis and hemadsorption. Hernolysis was tested by the overlay technique (2). Hemadsorption was investigated by using the method of Sobeslavsky et al. (22) . Both tests were performed with guinea pig and sheep erythrocytes.
Serological tests. Antisera against selected and filtercloned seal mycoplasma strains were produced in rabbits as described previously (18) . A serological comparison of the seal mycoplasmas with each other and with the previously described mycoplasma species was performed by using a growth inhibition test (GIT) (3) , an indirect immunofluorescence test (IIFT) (4), and an irnmunobinding assay (IBA) (14) . Antisera were used undiluted for the GIT and were diluted 1:100 antisera and type strains used for serological investigations are listed in Table 1 . DNA. The guanine-plus-cytosine (G+C) content of DNA was determined by isopycnic centrifugation of three DNA batches (5).
RESULTS AND DISCUSSION
A total of 122 mycoplasma strains were isolated from 97 of the 265 seals investigated. Mycoplasmas were found mainly in the respiratory tracts (Le., lungs, tracheae, noses, and throats) but were isolated frequently also from eyes, hearts, and brains. They were not detected in samples of spleens, kidneys, and livers ( Table 2 ). All mycoplasmas isolated grew well in the three media used at 37°C in an atmosphere containing 5% CO,. They did not grow at room temperature. Thirty of the mycoplasma strains were filter cloned three times and were examined biochemically and by using serological tests. Two strains (strain 852T [T = type strain], isolated from pus of a seal lung, and strain 1049=, obtained from the brain of a necropsied seal) were selected as representative strains.
Morphology and ultrastructure. All of the seal mycoplasmas produced typical fried egg colonies as shown for strains 852T and 1049T in Fig. l a and b . Pleomorphic cells were observed in broth cultures by using dark-field microscopy and after staining by the Gram or Giemsa technique. U1-trathin sections demonstrated the trilaminar structure of the cell membrane and the absence of a cell wall (Fig. 2) . In these preparations cells of strain 852T appeared to be mainly coccoid or round, whereas many cells of strain 1049T exhibited a typical dumbbell shape (Fig 2); Fig. 2d shows the binary fission of a cell of strain 1049T.
Reversion studies. None of the phocine mycoplasma strains reverted to a bacterial form after serial subcultivation in broth or on agar medium devoid of bacterial inhibitors.
Filtration characteristics. The cells of strain 1049T passed through 450-nm-pore-size membrane filters with a reduction in viable counts from 4.4 x lo1' to 4.8 X lo9 CFU/ml and through 220-nm-pore-size filters with a reduction in viable counts from 3.3 x lo1' to 1.3 x 10' CFU/ml. For strain 852T cells a decrease in viable counts from 3.2 x 10' to 5.2 x lo7 CFU/ml was observed after the organism passed through the 450-nm-pore-size filters. However, no growth was detected after filtration through 220-nm-pore-size filters.
Sterol requirement. Both representative strains were sensitive to the three concentrations of sodium polyanetholsulfonate tested and to 1.5% digitonin. In the cultural tests for sterol requirement, there was a clear growth response to different concentrations of cholesterol (Table 3) . No growth occurred in medium without serum, in the base medium, and in the base medium containing 1% cholesterol. However, there were increasing levels of growth when higher concentrations of cholesterol ( 5 , 10, or 20 p,g/ml) were added to the base medium.
Biochemical characteristics. The results of the biochemical tests are shown in Table 4 . The 30 strains examined fell into two chemical types, represented by strains 852T and 1049T.
Serological investigations. Of the 30 seal mycoplasma strains investigated, 17 were identical to strain 852T and 13 were identical to strain 1049T as determined by the GIT, IIFT, and IBA. The distribution of these strains in the seals is shown in Table 5 . There are still 90 seal mycoplasma isolates left which have to be typed.
In the serological comparisons no reaction was observed in the GIT and IBA between strain 852= or 1049T and any of the previously described Mycoplasma and Acholeplasma species or the four New England seal mycoplasma strains (strains 1627, 1628, 4359, and ATCC 33657) isolated by Madoff et al. (15) Because of its strong autofluorescence (even very young colonies) strain 852T repeatedly gave equivocal results in the IIFT. However, there were no positive reactions in the GIT and IBA except with the homologous antiserum. Strain DNA. The G+C contents were 26.5 mol% for strain 852* DNA and 25.9 mol% for strain 1049T DNA.
The properties described above for strains 852= and 1049T fulfill the criteria (24,25) for species descriptions of members of the class Mollicutes. A cell wall is absent, and the cells are filterable through 450-nm-pore-size membranes, fail to revert to walled bacteria when they are grown in antibiotic-free media, have a low G+C content, are resistant to penicillin, and produce colonies with typical fried-egg morphology on solid media. The growth requirement for sterol or serum, in conjunction with the lack of helicity, place these organisms in the order Mycoplasmatales and the family Mycoplasmataceae. The inability of the strains to hydrolyze urea mandates assignment to the genus Mycoplasma. Finally, the lack of serological relatedness of these strains to other Mycoplasma species and to other unclassified strains that could represent putative species in the genus demonstrates that they represent previously unrecognized species. We propose Isolated from brains and also from noses, throats, lungs, and hearts of seals (P. vitulina L.). The G+C content of the DNA is 25.9 mol% as determined by isopycnic centrifugation. The type strain is strain 1049 (= ATCC 49640).
The role that these phocine mycoplasmas played in the mass mortality of seals in 1988 has not been elucidated. The fact that they were isolated in large numbers from several pathologically altered internal organs of the diseased seals (Le., from lungs, hearts, and brains) suggests that even if they are not the primary cause, they might have been involved in the production of these pathological changes and in the general disease, leading to the death of the seals. This probability is enhanced by other observations which showed that the seal mycoplasmas displayed strong cytotoxic capacities, as observed in investigations with tracheal organ cultures in which the organisms caused inhibition of the ciliary activity and extensive damage to the multilayered epithelium (23) . Further studies on the pathogenicity of the seal mycoplasmas are in progress in our laboratory.
